The degradation of glucosinolates containing terminal double bonds to form episulfide-containing compounds, known as I-cyanoepithioalkanes, has been studied in our laboratory (1, 2) . These compounds have been determined routinely by gas chromatography; however, a simple and rapid colorimetric assay for episulfide-containing compounds, in the presence of sulfur or other sulfur-containing compounds, would facilitate current work on the purification of protein factors implicated in l-cyanoepithioalkane formation from glucosinolates. Such an assay should also prove valuable whenever other episulfide-containing compounds are encountered. In this paper, we report the detection and analysis of episulfides by using 4-(p-nitrobenzyl)-pyridine (NBP). This reagent has been used previously for the analysis of epoxides (3). 
Experimental

Apparatus and Reagents
Sample Preparation
Racemic I-cyano-2,3-epithiopropane and diasteriomeric (2S)-I-cyano-2-hydroxy-3,4-epithiobutanes were prepared enzymatically from sinigrin and epiprogoitrin, respectively, by the procedure of Petroski and Tookey (2) . Styrene
ether, I,2-epithiocyclo-hexane, and I,2-epithiododecane were synthesized from the corresponding epoxides by the procedure of Luthy and Benn (4), and their structures were confirmed by spectroscopic methods. All other sample compounds were obtained commercially.
Procedure
Add potassium hydrogen phthalate (1.0 mL, O.IN) and NBP reagent (1.0 mL), with mixing, to sample consisting of a solution of the episulfide (1-100 p.moles depending on E) in 2 mL acetone. Heat sample in a 50-60°C water bath until evaporation of the acetone is nearly complete (ca 10 min); then increase temperature of water bath to 100°C and heat sample an additional 45 min. Remove sample from water bath, let cool to below 50°C, dilute to 9 mL with 50% aqueous acetone, and place in ice bath. After cooling, add aqueous K 2 C0 3 (1.0 mL, 1.0M), with mixing, immediately before reading (blue color unstable) with a suitable spectrophotometer or colorimeter. Calculate concentration of episulfide from calibration graph similarly prepared, using known amounts of episulfide being tested.
Results and Discussion
In apparent contradiction to work published by Hammock et al. (3) , the NBP reagent does respond to episulfides (syn. thiaranes) and may be used for their detection and analysis even in the presence of sulfur or other sulfur-containing substances such as glucosinolates, sulfonic acids, mercaptans, thiophenols, sulfides, disulfides, sulfates, sulfoxides, sulfones, isothiocyanates, thioacids, and thioureas, which do not respond to the NBP reagent. Compounds tested were allylglucosinolate, 2-hydroxy-3-butenyl glucosinolate, p-toluene sulfonic acid, iJ-naphthalene sulfonic acid, ethyl mercaptan, 2-mercaptoethanol, dithiothreitol, thiophenoL thiodiphenylamine, methionine, cysteine, cystine, sodium sulfate, ferrous sulfate, benzidine sulfate, dimethyl sulfoxide, diethyl sulfone, ethyl phenyl sulfone, allyl isothiocyanate, thioglycolic acid, thiourea, phenyl thiourea, and elemental sulfur.
Absorbance is proportional to concentration, at least up to an absorbance (OD) of 1.0, for all episulfides or epoxides tested. Samples should be read immediately after KZC03 addition because, after color development, a steady decrease in absorbance was observed. The rate varies with the episulfide being tested; however, loss of absorbance ranged from less than 1% up to 3%/min. Table 1 shows the wavelength of maximal absorption (A max ) and apparent molar absorptivity (E) for various episulfides and epoxides. The results show that the E value is consistently lower for episulfides than for the corresponding epoxides (e.g., 3020 for 1,2-epithiododecane vs 14200 for 1,2-epoxydodecane).
The reason for such a difference in apparent E value for 2 alkane compounds (e.g., 182 for 1,2-epithiocydohexane vs 3020 for 1,2-epithiododecane) is not dear. These values are satisfactory for analytical purposes; they are reproducible and follow Beer's law. Also, some episulfides react with NBP reagent to form products that absorb at shorter wavelengths (/\ma.X> than those of the corresponding epoxides (e.g., 562 nm for styrene episulfide vs 583 nm for styrene oxide); this may provide a means of distinction between the two, at least in some cases.
Episulfides that were prepared enzymatically by the procedure of Petroski and Tookey (2), namely, 1-cyano-2,3-epithopropane and (25)-1-cyano-(2)-hydroxy-3,4-epithiobutane, could be detected at concentrations as low as 30 ppm in incubation mixtures. Detection limits for other episulfides and epoxides are, of course, inversely proportional to their respective E values.
Recovery experiments were conducted to establish the precision of the quantitative episulfide method (Table 2) . For these studies, known amounts of N-(2,3-epithiopropyl)-phthalimide (52.8 ppm or 105.6 ppm in 5 mL) or 2,3-epithiopropyl-p-methoxy phenyl ether (30.0 or 60.0 ppm in 5.0 mL) were added to enzyme incubation mixtures used to prepare 1-cyanoepithioalkanes, but lacking glucosinolate substrate, and extracted into methylene chloride before analysis (2) . Recoveries of close to 100% were observed for all samples except the higher concentration of N -(2,3-epithiopropyl)-phthalimide where a recovery of about 91 % was observed. Coefficients of variation were 3.4% for sample analysis and 3.1 % for sample recovery.
Hammock et al. (3) found that NBP reagent does not respond to oxetanes, furans, tetrahy- It is well known that NBP reagent reacts with ethylenimines, organophosphorous compounds, and other alkylating agents (5-9), so care must be taken to avoid their presence in samples analyzed for episulfides or epoxides.
In summary, 4-(p-nitrobenzyl)-pyridine (NBP)
is a useful reagent for the detection and colorimetric quantitation of episulfides as well as epoxides.
